Addressing the extra economic costs of disability is a logical step towards alleviating elements of social exclusion for people with disabilities. This paper estimates the long run economic cost of disability in Ireland in terms of the additional spending needs that arise due to disability. It defines and estimates models of the private costs borne by families with individuals who have a disability in Ireland when compared to the wider population, both in general and by severity of disability. Our modelling framework is based on the standard of living approach to estimating the cost of disability. We extend on previous research by applying panel ordered probit models to Living in Ireland survey data 1995-2001 in order to control for the effects of previous disability and income and correlated unobserved heterogeneity. The approach allows us to quantify, for the first time, the additional long run economic costs of living associated with disability. Our findings suggest that the extra economic cost of disability in Ireland is large and varies by severity of disability, with important implications for measures of poverty.
INTRODUCTION
In the context of increased risk of lower income for households of people with disabilities, addressing the extra economic costs of disability is a logical step towards alleviating elements of their social exclusion. In many countries there are a range of public supports for people with disabilities. The level and nature of government assistance are ultimately determined by social and political choices, but the design of the relevant policies should benefit from evidence on how disability affects the standard of living of affected individuals and their families. In this paper we estimate models of the private costs borne by households with individuals who have a disability in Ireland when compared to the wider population and provide such evidence for Ireland. Our modelling framework is based on the standard of living (SoL) approach to estimating the cost of disability as developed in Berthoud et al. (1993) and Zaidi and Burchardt (2005) . We extend the estimation strategy by using panel data, which allows us to control for dynamics of disability and income along with unobserved heterogeneity, using an econometric modelling approach similar to that followed in Gannon (2005) and Contoyannis et al. (2004) . In doing so we provide, for the first time, estimates of the long run economic cost of disability.
Our paper contributes to the literature in a number of ways. Earlier applications of the standard of living approach focused on the use of cross sectional models (Berthoud et al., 1993; Indecon, 2004; Zaidi and Burchardt, 2005; Saunders, 2006) , implying that important issues relating to unobserved heterogeneity and dynamics of disability remained unaddressed until now. For example, past disability and income could have an immediate effect on current disability and income respectively and hence on current standards of living. The advantage of our panel model over the cross sectional model is that it allows us to control for (1) within-individual effects (i.e. time averages), (2) lagged levels of disability and income, and (3) to compare levels of severity of disability to households that did not contain a person with a disability in the sample period.
By using panel models we control for these effects and disentangle the impacts of disability into short run ('current') and long run ('lagged') effects. The unobserved component is inferred from the within-individual effect of disability and income (see Contoyannis et al., 2004) . Disability, income and standard of living are likely to be endogeneously related, either because of direct effects (income on standard of living and vice-versa) or because of unobservables (e.g. time preference or previous investments in human capital). Our modelling approach, which follows that of Biewen (2004) and Gannon (2005) , addresses these issues to a large extent and allows us to estimate consistent parameters even in the presence of such endogeneity.
By accounting for lagged disability and income and unobserved heterogeneity, we find that the long run economic costs of disability are higher than the short run costs suggested by cross-sectional models. We also find, similar to previous studies (e.g. Zaidi and Burchardt, 2005) , significant difference between the short run economic cost of disability for those with severe and some limitations in their day to day activities. Our innovative results show that in the long run there is no significant difference in costs between those with severe or some limitations. Furthermore, the use of panel data models also allows us to estimate the economic cost of disability using a reference group of households that do not contain an individual with a disability throughout the panel, another important contribution of our research. These results suggest a similar pattern across severities, with no difference in the long run but significant differences in the short run.
2. STANDARD OF LIVING APPROACH
Previous research has drawn on a variety of approaches to quantifying the economic costs of disability. These include direct survey approaches (Martin and White, 1985; NRB, 1995; DIG, 1998) expenditure diary approaches (Matthews and Truscott, 1990; Jones and O'Donnell, 1995) , budget standards approaches (Smith et al., 2004; Dobson and Middleton, 1998) , as well as indirect approaches such as the standard of living approach. Indecon (2004) , Tibble (2005) and Zaidi and Burchardt (2005) all provide good summaries of the merits of these different methods, though the sole focus here is on the standard of living approach.
The definition of additional costs implied by the SoL approach is the sum required to bring the standard of living of a household containing a person with a disability up to the same level as a comparable household where no members have a disability, controlling for relevant socio-demographic characteristics. This is a form of 'equivalisation', a technique which is routinely used when measuring poverty and inequality to adjust incomes for household size and composition. In this case however the adjustment takes account of disability-related needs. The concept of additional cost represents an approximation of the cost for any given group considered (e.g. by severity of disability) and involves averaging across individuals within a group. The resulting cost estimates include direct costs and additional costs of living associated with disability, but omit opportunity costs such as potential foregone earnings of disabled persons and their carers.
The SoL approach starts from the premise that, for a given income, disability status will reduce the living standards of households containing an individual with a disability by causing them to divert a portion of their resources (income in our model) to cover disability-related costs. This diversion of resources can be quantified, taking account of other factors that affect measured standard of living. The standard of living approach has advantages over direct attempts to measure the cost of disability.
It does not require estimates to be made of the sources or levels of specific costs associated with disability, which may require expert knowledge and the exercise of judgement on the part of respondents. Moreover, it is suited to estimation using largescale micro datasets collected for wider purposes, so it is unlikely to be vulnerable to strategic response behaviour among those surveyed.
The method is essentially a "top-down" approach that aims to provide estimates of the economic cost of disability at a household level. While it does not specifically identify the items that contribute to these additional costs, depending upon available data it can account for variations in the level of costs across disabilities and conditions, as well as by severity. It does however ignore foregone earnings and other potential opportunity costs of ill health or disability.
The SoL approach to estimating the cost of disability is closely related to methods employed in assessments of material (or 'life-style') deprivation. Following Townsend (1979) , considerable empirical research has been undertaken to identify 'deprived' individuals or households that are excluded from a specified minimum way of life or standard of living because of their lack of resources -for a survey see Perry (2002) . Recent contributions to this literature treat deprivation as a latent variable and estimate it using methods that integrate traditional income-based measures with newer outcome-based indicators of social and economic exclusion -see for example Whelan et al. (2006) . Outcome-based indicators have been particularly influential in Ireland, forming the basis of the 'consistent poverty' measure used in the National AntiPoverty Strategy.
The outcome-based indicators used in these analyses of deprivation are very similar to the standard of living indicators employed in the remainder of this paper. The main difference is that the deprivation indicators tend to focus on consumption items associated with a minimum adequate standard of living, whereas we wish to examine the effects of disability status over as wide a range of socio-economic outcomes as possible. Nevertheless, because these studies employ standard of living indicators, and we have earlier suggested that disability should reduce measured standard of living ceteris paribus, we should expect them to find a positive association between disability and deprivation.
The SoL approach is illustrated in Figure 1 [Insert Figure 1 here]
In the simple (deterministic) model represented in Figure 1 , the standard of living of a household is expressed only as a function its income and disability status. (We subsequently introduce other control variables as well as a stochastic element in the econometric estimations). For the linear case in Figure 1 , we can relate standard of living to income and disability status as:
where Y represents disposable household income, D is an indicator variable defining the disability status of the household and α , β and δ are the equation parameters.
Thus, in this simple case the additional cost of disability for a given standard of living is estimated as
in the terms in Figure 1 . The relationship between SoL and income may of course be non-linear and the most appropriate functional form can be tested for empirically. Table 2 . The sample was thus boosted in the year 2000, with more than an additional 1,000 households.
DATA AND VARIABLES
However, importantly for the analysis in this paper, Nolan et al. (2002) relationship between need and preference on one item for a particular sub-group, the relationship is unlikely to be replicated across different items". Unfortunately, given our data, it is not possible to test for this impact empirically. Health' was approved by the WHO -this highlighted the interaction between the individual and the environment. Interested readers are referred to Oliver (1996) for an in-depth discussion on the social model of disability.
This paper seeks to adopt the social model of disability using the available data. To start, an initial measure of disability is constructed from the LII survey on the basis of responses to the following question:
"Do you have any chronic physical or mental health problem, illness or disability?" iv However, it may well be that it is not only the presence of a disability that is important in determining costs, but also the extent to which it limits or restricts a person in their day-to-day lives. The LII surveys allows us to distinguish individuals in terms of those with either severe, some or no limitations in daily activities.
Previous research (Gannon and Nolan, 2007) has exploited the differences in severity of limitations and found significant differences in terms of social inclusion. In the LII survey, respondents are asked:
"Are you hampered [limited] in your daily activities by this physical or mental health problem, illness or disability?" to which they could respond (1) yes, severely, (2) yes, some extent, or (3) no. This data allows us to directly estimate the cost of disability in Ireland by severity of disability for the first time and is more consistent with a social model of disability, as it allows us to interpret limitations in the context of environmental and social barriers. Table 2 sets out the number of households by disability status for each year in the dataset, while Table 3 summarises transitions in household disability status over the period considered.
[Insert Table 3 here] Table 3 shows large outflows from being disabled to non-disabled at all levels of severity. This is consistent with other findings. Burchardt (2000) finds that just under 10 per cent have a one-off disability/limitation, hence there is an outflow from disability to no-disability.).
For the income variable we include the log of net disposable household income v , which is calculated by aggregating income from all sources and deducting income tax and social insurance contributions. We also include a number of other explanatory variables in modelling household standard of living. These include variables relating to household size, the tenure status of the household, the location and region of the household, the number of children in the household as well as the age, gender and marital status of the head of household. These variables are described in more detail in Table 1 .
MODEL, ESTIMATION AND RESULTS

Model
Our basic model for estimation is:
where it S denotes the standard of living of household i at time A number of issues arise in estimating the parameters of this model. Firstly, to separate out the impact of short run and long run costs, we introduce dynamics in the form of past disability and past income. We introduce lagged disability and income into the model to distinguish effects on SoL of those who have a longer term disability from those who have just acquired their disability. The implication of this is that we can then look at the effect of past (lagged) disability conditional on current standard of living, allowing us to look at the longer term effects of disability. This is important because people with a persistent disability may be less likely to recover and may have adjusted their lifestyle accordingly. This may of course depend on the severity of their disability, with those with a more severe disability having higher additional costs of living. For those without a disability previously, a new disability may require a lot more resources to keep standard of living the same as before.
Our model for estimation is an ordered response model including lagged disability and lagged income, and is based on an underlying latent variable * S such that: Our preferred option is the latter, since with the former, only very few observations contribute identifying information (Biewen, 2009 ). On the other hand, the disadvantage of random effects is that it assumes no correlation between explanatory variables and the unobserved effect. In our data, it is highly likely that there are individual unobservables influencing both explanatory variables (e.g. D and Y) and SoL. Therefore we estimate unobserved heterogeneity as correlated random effects, and our preferred modelling approach is an ordered probit vii model with correlated random effects.
In order to control for this, we follow the approach set out in Mundlak (1978) and Wooldridge (2002) , whereby the distribution of the unobserved effect is conditional on the time averages of any potentially endogenous variables i.e. It is likely that income is endogenous with respect to standard of living. But the panel model requires strict exogeneity whereby conditional on i α , the explanatory variables (x i ) would not be correlated with the error term it ε for each household:
Once i α is conditioned on, only x it appears in response probability at time t. This rules out lagged dependent variables and some explanatory variables whose future movements depend on current and past outcomes on SoL.
In the standard of living model, this assumption is questionable since there may be feedback from current SoL to future income. We tested for strict exogeneity of disability and income by including future values of disability and income into the pooled model, following Wooldridge (2002) . If the current values are strictly exogenous, we should find future values to be insignificant. In most cases we found that future values of income were significant (results available from authors). Hence, we do not rely on the standard random effects probit model, but instead estimate a pooled correlated random effects models. While we acknowledge the presence of variables that are not strictly exogenous, we can still obtain consistent parameter estimates (Biewen 2004 ).
The pooled model with time averages only requires contemporaneous exogeneity i.e.
it only restricts the relationship between the disturbance and explanatory variables in the same time period. The pooled model can consistently estimate parameters even in the presence of explanatory variables that are not strictly exogenous and so allows us to estimate a model of SoL controlling for correlated heterogeneity, providing consistent but inefficient estimates (Biewen, 2004; Gannon, 2005) . The following assumption allows us to estimate consistent parameters by using a pooled ordered probit of SoL it on 1, x it , and i x :
In our complete model, the lagged values can then be interpreted as 'long term' effects, while the current levels of disability and income can be interpreted as 'current effects (see Gannon, 2005) . In terms of disability and income, this increases the precision of our estimates significantly. Onset of disability might or might not have an immediate impact on standard of living, controlling for income. It is possible that a household with a person that acquires a disability will in the first instance not suffer a huge reduction in their income and standard of living. On the other hand, there could be some large one-off costs (adaptations to the home, purchase of equipment) meaning that purchases of other household goods which make up the standard of living index have to be deferred or foregone. In addition, onset of disability could cause a dramatic and immediate change in income, in the form of lost earnings. In the longer term, a household with a person with a longer-term disability could have a higher probability of a reduced standard of living. The increased recurrent costs of living (e.g. higher fuel, transport, and laundry bills) could take some time to feed through into an appreciable deterioration in the SoL index. Or alternatively, people may have adapted their lifestyle and those households now face less extra costs. Our findings, discussed later on, relate to these hypotheses and provide, for the first time, long-run estimates of the cost of disability.
The panel data available to us allows us to estimate models using households that did not contain a disabled individual in the sample period as a control group, which allows us to disentangle the true economic cost of disability. For example, households containing a person with a severe disability can now be compared to households who did not have a person with any type of disability in the sample timeframe, whereas previous cross sectional models could only make the comparison with households that did not have a disability in the same time period. It is possible that when we compare households with persons with a disability to households that may have had a person with a disability in the past, we are not estimating the full long term cost of disability. But when we compare households with persons to a disability to households who never had a disability, we estimate the 'full' long term extra cost of disability, in terms of standard of living.
Estimation
In previous papers different severities of disability were controlled for in a single model. For example, Zaidi and Burchardt (2005) estimated a cross sectional model with a continuous disability severity index. This allowed them to estimate the level of severity compared to lower levels of severity. In an earlier working paper (Cullinan et al., 2008) , we also estimated pooled models that compared different levels of severity to lower levels of severity. By exploiting the panel data more precisely, we can now also estimate separate models of SoL using each level of severity as a dummy variable and utilising a control group of households with no disabled members throughout the panel. This provides a more accurate estimate of the true cost of disability. Most likely, previous research has underestimated the true level of disability, since severity of disability was only compared to other levels of disability. It is more precise to estimate severity and compare the cost to households with no disability at all. In summary, we estimate three types of models ix :
1. Pooled models for any disability x with (I) a single current disability variable; (II) current and lagged disability and income variables; (III) current, lagged and time average variables for disability and income.
2. Models including three levels of severity xi with (IV) a variable for each current level of severity i.e. severe, some and no limitations; (V) current and lagged severity and income variables; (VI) current, lagged and time average variables for severity and income.
3. Separate models for each level of severity (Models VII to XII), where the control group is households with no disabled members in the sample timeframe. These models include lags and time averages of disability severity and income.
Results
Tables 4 and 5 present the parameter estimates of the different econometric models described above, which can be used to estimate the economic cost of disability as a percentage of income ( These estimates for all of the econometric models are set out in Table 6 and Table 7 .
[Insert Tables 4 and 5 [Insert Table 6 and Table 7 here]
Model II includes current and lagged values of the general disability status and income variables. In this model the estimated parameters on the 'current' levels of disability and income variables are interpreted as short run or 'transitory' effects, while the estimated parameters on the lagged variables are interpreted as 'longer term'
effects. This allows both short run and long run economic cost of disability estimates to be derived from Model II. Both the estimated short run and long run effects are negative and statistically significant. The implied long run cost of disability from this model is 24.1% (using the estimated parameters on the lagged variables) and is slightly greater than the short run estimate of 22.8% found using Model I or 21.9%
using Model II. The results from Model II indicate that both 'current' and 'longer term' disability are costly.
Model III controls for correlation between potentially endogenous variables and unobservables and now finds that these current and long term impacts are no longer significant. This is due mainly to the presence of unobservables in our model, the extent of which is captured by the coefficient on the averages in Model III. This implies that in Model III, the cost of disability is still large but mostly unobservable.
This could be further disaggregated into the impacts of previous SoL (i.e. state dependence) and an unobserved component. We estimated dynamic models to assess this impact and found that the coefficients on the averages were subsequently lower.
This confirms our hypothesis that much of the unobserved effect is due to previous SoL and disadvantage xii . Overall the results from Models I-III suggest that failing to account for dynamics of disability and unobserved heterogeneity may lead to underestimates of the long run economic cost of disability.
Model IV presents a pooled model accounting for differences in the impact of severity of disability on standard of living. As discussed, the LII surveys distinguish by severity of disability on the basis of the extent to which individuals are restricted in the daily activities. Three separate severity variables are included relating to the extent of limitation in day to day activities as a result of the disability. In this pooled model, the estimated impact of being disabled with a severe limitation is found to be greater than the impact of being disabled with some limitation. Both estimated coefficients are negative and statistically different from zero. This is in contrast to the estimated coefficient for the variable relating to being disabled with no limitation, which, though negative, is not statistically significantly different from zero.
The implied estimated economic costs of disability by severity of disability are found using Model IV by dividing the respective coefficients on each of the severity dummy variables by the coefficient on log income. Results are set out in Table 6 . The cost of disability for households containing an individual with a severely limiting disability is estimated at 30.4% of average household income, which translates to an average of €130.62 at the mean weekly income for these households. The cost of disability for households with a person who is somewhat limited by their disability is estimated at 18.4% of average household income, which translates to an average cost of €87.36 per week. The estimated cost of disability for households containing an individual who is not limited by their disability is not found to be statistically different from zero.
Model IV, while providing estimates by severity of disability, does not account for dynamics of disability and unobserved heterogeneity. To this end, Model V includes lags of each of the severity variables, as well as for income. Results indicate that for 'severe' limitations, the short run costs (30.0%) are higher than the long run costs (23.6%), though for 'some' limitations the long run costs (20.3%) are slightly higher than the short run costs (17.5%). It suggests that in the short run, people have to adjust to higher costs if they have severe limitations. Since several of the models depends on changes in disability status as part of their identification strategy it is important to highlight that there are large flows into and from disability status. Some of this change in disability status could partly explain why the estimates of long run costs are larger than the short run estimates, the former being less noisy.
In Model VI, when we control for correlated heterogeneity, we find that both the current and lagged disability effects are not statistically significant, as before. The coefficients on the averages are significant and when we modelled state dependence we found a significant reduction in the coefficients on the averages (results available from authors). Using the estimates in Table 5 for Model VI, the estimated cost of disability per week is €101.40 for households with a disabled member who is severely limited and €96.38 for households with a disabled member who is somewhat limited, at the respective average weekly incomes for these households.
One drawback of Model VI is that the reference group to which disabled households are being compared is households that do not contain an individual with a disability in the current period. To address this, Models VII to XII present severity specific models in which households in the relevant category of disability are compared to a reference group of households which have not contained a person with a disability at any point during the time of the survey. Unfortunately, data is unavailable in relation to whether households contained a disabled member prior to the survey and thus we are unable to control for this. However, Models VII to XII represent an improvement on previous cross-sectional models, which compared disability to a reference group derived using disability status in the current period only. If disability in a previous period impacts on standard of living in the current period, such estimates may well be biased downwards. To better control for this, Models VII to XII compare the standard of living of households of different levels of severity to households that have not had a person with a disability during the course of the survey. Table 5 presents parameter estimates from these three severity specific models, including models with current and lagged variables, as well as models with current, lagged and time average variables. Using the estimated coefficients on lagged variables, the long run economic costs of disability were estimated for each level of severity and are presented in Table 7 . In general the estimated costs are greater than the corresponding estimates in Table 6 , as would be expected given the differences in the reference groups. The estimated cost of disability for households with a disabled member who is severely limited in their daily activities is 37.3% in the short run.
This compares to 20.3% for households with a disabled member who is somewhat limited in their daily activities. In monetary terms, these translate to estimates of €160.26 and €96.38 per week on average respectively, suggesting a big difference between short run costs for households with disabled members that are severely and somewhat limited in their activities. In the long run, the models in Table 5 suggest that there is only a minimal difference between costs to households with severe or some limitation, but the former is insignificant. Hence, the results on long term costs for severity of disability in Table 7 are not conclusive. In comparison to these results, Zaidi and Burchardt (2005) find that severity of disability is an important factor and leads to higher costs. It is likely, in Table 5 , that our data is not fully capturing the different severities of disability (e.g. compare a person who needs 24 hour care to a person who has a mild hearing impairment) and hence our results are different. It is possible that we do not obtain very different estimates for severe and some limitations in Table 5 simply due to the way that limitations are reported i.e. in terms of categorical data. But our results as a whole suggest that there is a relationship between severity of disability and cost, since all models find significant differences between non disabled (together with those who are disabled but not limited in daily activities), and those who are severely or somewhat limited.
CONCLUDING REMARKS
This paper applies the standard of living approach for estimating the cost of disability to Ireland. It extends on previous research by using panel data to control for previous disability and income, unobserved heterogeneity and endogeneity of income.
Furthermore, using the panel data, we distinguish between short run and long run costs of disability. Our estimates are more precise since we also compare current disability impacts to households who have not had a disabled member in the panel time period. This is likely to more accurately represent the true impact of each level of severity of disability. In summary, we find that the estimated long run cost of disability is similar for households with members that are severely and somewhat limited by their disabilities at 32.7% and 30.3% of average weekly income respectively, which translate to €140.50 and €143.86 per week on average. In contrast, in the short run, there is a large difference for households with members that are severely or somewhat limited. The rates are 37.3% and 20.3% of average weekly income respectively, translating to €160.26 and €96.38 per week on average.
Our findings are important for considering the effectiveness of policies that aim to address the economic problems associated with disability. They suggest that such policies do not go far enough in addressing the extra costs faced by the disabled community in Ireland. Furthermore, it is also worth reiterating that the estimated costs do not include any estimates or foregone earnings due to disability. The findings also have important implications for measurements of poverty in Ireland. The implication is that if disability reduces the standard of living of households for a given level of income, poverty measures based on income will underestimate the problem.
In common with Zaidi and Burchardt (2005) , we therefore suggest that the evidence presented here supports the case for the introduction of disability-adjusted poverty and inequality estimates and equivalence scales. While this is beyond the scope of this paper, we believe it represents an interesting and important avenue for future research. Economic cost of disability estimated using coefficients on 'current' variables in Table 4 .
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